Density Behavior of CO2 + Decane Mixtures by Modified SAFT Equation of State  by Song, Yongchen et al.
 Energy Procedia  61 ( 2014 )  440 – 444 
Available online at www.sciencedirect.com
ScienceDirect
1876-6102 © 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the Organizing Committee of ICAE2014
doi: 10.1016/j.egypro.2014.11.1144 
* Corresponding author. Tel.: +0086-0411-84708015 
E-mail address: zhangyi80@dlut.edu.cn. 
 
The 6th International Conference on Applied Energy – ICAE2014 
Density Behavior of CO2 + Decane Mixtures by Modified 
SAFT Equation of State 
Yongchen Songa, Weiwei Jiana, Yi Zhanga*, Wanli Xinga, Yangchun Zhana 
Shuyang Liua, Tong tong Lia 
aKey Laboratory of Ocean Energy Utilization and Energy Conservation of Ministry of Education of, School of Energy and Power 
Engineering, Dalian University of Technology, Dalian, Liaoning,116024, P.R. China. 
Abstract 
The capture of CO2 and its storage in depleted oil reservoir is one of the most important technologies for reducing 
CO2 emissions. The knowledge about the CO2 + hydrocarbon binary mixtures plays an important role in the design 
and operation processes involved in CO2 enhance oil recovery (CO2-EOR). In this work, densities of CO2 + decane 
were predicted with PC-SAFT and tPC-PSAFT equations of state. Some modification of tPC-PSAFT has been done 
combined with existing experimental data, and the prediction results were improved markedly with the modification. 
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1. Introduction 
Binary mixtures consisting of CO2 and hydrocarbons are important for industrial processes such as 
chemical, materials, polymer and petroleum industries.[1] A comprehensive understanding of the phase 
behavior of CO2 + hydrocarbon is indispensable for reservoir engineering in processes of enhanced oil 
recovery and geological storage of CO2. In the petrochemical industry, density data on CO2 hydrocarbon 
mixture at reservoir conditions are used for the design and optimization of processes related to the 
production of oil, condensate and natural gas from the wells.[2] Thus, it is important to model the density 
property of the binary mixture accurately. 
In this work, the CO2 + decane system was chosen as a model mixture. There were some 
measurements on CO2 + decane density. Cullick et al.[3] measured the densities of CO2 + decane from 
310 to 403 K, 7 to 30 MPa. Bessieres et al.[4] measured the volumetric behavior of decane + CO2 from 20 
to 40 MPa with xCO2 up to 0.84. Zuniga-Moreno et al.[5] reported the compressed liquid densities and 
excess volumes of the CO2 + decane mixture from 313 to 316 K and pressures up to 25 MPa. In addition, 
Song et al.[6] reported the densities of CO2+ decane system from 303.15 to 353.15 K and pressures up to 
19MPa. However, the density models of the system are relatively defectively. Two modified BWR 
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equations of state were used by Bessieres et al.[4] to calculate the densities of the mixture, the AAD was 
up to 4.16 % while CO2 mole fraction was 0.84. An empirical equation was proposed by Zuniga-Moreno 
et al.[5], which can correlate the densities of CO2 + decane successfully, but the parameters in their model 
were different with the CO2 mole fraction. In this work, PC-SAFT and tPC-PSAFT are used to predict 
densities of the CO2 + decane mixture. The binary interaction parameter was correlated with the CO2 
mole fraction and temperature, which could keep good agreement with the experimental data. 
2. Theory 
In this manuscript, SAFT was used to calculate the densities of CO2 + decane mixture because SAFT is a 
molecular-based equation of state which also has a foundation in statistical mechanics. The advantage of 
SAFT equations is that the parameters of the pure component have a clear physical meaning and the 
predictive power could explore the regions far from the data used in the parameter regression. The tPC-
PSAFT equation of state for non-association mixture is presented as follow formulas. And further details 
can be found[7]. 
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where ahc, adisp, apolar are the hard-chain, dispersion, polar contribution to the residual Helmholtz free 
energy ares. The tPC-PSAFT reduces to PC-SAFT while the polar interaction is neglected. In this work, 
CO2 and decane are treated as non-association molecules for both PC-SAFT and tPC-PSAFT equations of 
state. CO2 is modeled with quadrupole-quadrupole interactions in tPC-PSAFT. m, σ, ε/k are the segment 
numbers, segment diameter and the dispersion parameter, respectively. The parameters of CO2 and decane 
used in this work are listed in Table1. ρ is the total number density of molecules. ξn is defined as ξn 
=πρ∑ximidin/6. I1, I2 and C are calculated from a power series in density detailed in Gross and 
Sadowski[8]. Conventional mixing rules are employed in this work[8]. The binary interaction parameter 
kij in the dispersion interaction parameters is usually fitted to mixture data.  In addition to the constant kij 
value, the kij variation with temperature and CO2 mole fraction was proposed by fitting CO2 + decane 
densities reported in Song et al.[6]  
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where kij1, kij2 are the correlations for PC-SAFT and tPC-PSAFT. ai , bi, ci and di are list in Table 2. The 
optimal kij was fitted according to the objective function: 
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where N is the number of the experimental data. The superscript “cal” and “exp” indicate the calculation 
and experimental values. We could obtain a series of kij and then fitted these kij values as eqs 6 and 7. 
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Table 1. Parameters of CO2 and decane for PC-SAFT and tPC-PSAFT used in this work  
parameter m σ ε/k 
PC-SAFTa    
CO2 2.4639 2.6126 158.17 
decane 6.9 3.3665 226.86 
tPC-PSAFT    
CO2b 1.912 2.8541 157.97 
decane 6.9 3.3665 226.86 
a The parameters of CO2 and decane of PC-SAFT were taken from Burgess et al.[9]  
b For CO2, Q = 4.3 Dˈσp = 2.974 Å. The parameters of of CO2 were taken form Karakatsani et al.[10]  
Table 2. Coefficients of eqs 6 and 7 
Numbers a b c d 
0 70.13808266  7.32225364  
1 0.539881202 13.768791 0.04584544 4.81966931 
2 1.4824061×10-3 -10.348626 1.285863928×10-3 5.35409373 
3 1.3513915×10-6 1.32033674 1.21446925×10-7 2.24654958 
3. Results and discussions 
Densities of CO2 + decane mixtures were calculated by four models of PC-SAFT and tPC-PSAFT. The 
main differences between these four models were the values of binary interaction parameters. In PC-
SAFT and tPC-PSAFT, a constant kij were used. In the improved PC-SAFT and the tPC-PSAFT models a 
temperature and CO2 mole fraction – dependent kij was introduced as eqs 6 and 7. These kij values were 
fitted from densities of CO2 + decane reported by Song et al.[6]  
 
Fig 1. (a) Calculated results of PC-SAFT and tPC-PSAFT. (b) to (d) Densities of CO2 + decane predicted by the improved tPC-
PSAFT. From (b) to (d), in turn, the prediction results for Song et al.[6], Bessieres et al.[4] and Zuniga-Moreno et al.[5], respectively.   
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Fig 1 (a) shows the results predicted by four different models. The improved tPC-PSAFT seems to give 
the best agreement with the experimental data. The AADs (Absolut Average Deviations) calculated by 
PC-SAFT, the improved PC-SAFT, tPC-PSAFT, and the improved tPC-PSAFT were 2.62%, 2.55%, 2.7% 
and 0.31% for Song et al.[6]. For densities measured by Bessieres et al.[4], the AADs were 3.13%, 3.19%, 
2.31% and 0.8%, while for Zuniga-Moreno et al.[5], the AADs were 4.75%, 3.24%, 3.4% and 1.3%. Figs 
1 (b)-(c) displayed the predictions calculated by the improved tPC-PSAFT for Song et al.[6], Bessieres et 
al.[4], Zuniga-Moreno et al.[5] The predicted densities agreed well with the experimental densities, 
except for the densities of Zuniga-Moreno et al.[5] at x1 = 0.9663. The improved tPC-PSAFT was not so 
good for CO2+decane density while CO2 mole fraction was higher. In general, the improved tPC-PSAFT 
could predict densities of CO2+decane system accurately from 303.15 to 363.15 K and pressures from the 
bubble point of this system to 40MPa.  
4. Conclusions 
Densities of CO2 + decane system were predicted by PC-SAFT and tPC-PSAFT equations of state. 
The binary interaction parameters of CO2 + decane system were correlated with temperature and CO2 
mole fraction for these two models. The improved tPC-PSAFT model can give the best prediction results 
with the experimental data. 
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